Ever since the phenomenon of phagocytosis has been observed, investigators have been trying to determine the substance or substances within the white blood cells which are responsible for the observed bactericidal activity. Through the course of years, the "digestive" phase of phagocytosis was attributed to enzymatic action. Yet, none of the proteolytic enzymes, present in white blood cells, exhibit bactericidal activities. A mucopolysaccharidase, lysozyme, present in polymorphonuclear neutrophils (leucocytes) does possess bactericidal activity against several bacterial species. However, according to our present state of knowledge, the antibacterial spectrum of this enzyme is limited and at best lysozyine would only contribute a minor part to the overall process of phagocytosis. Therefore it is feasible to consider the "digestive" phase of phagocytosis as a result of a non-enzymatic bacteridical substance which when coupled with proteolytic enzymes leads to the observed bacterial breakdown.
Materials and Methods
Experimental Aniraals.--250 to 350 gm. male and female Sprague-Dawley rats were used throughout this study.
Preparations of Polymorphonudear Leucocytes.--Leucocytes were obtained from the peritoneal cavity of animals injected 12 to 18 hours previously with an aleuronat-starch-tryptose broth mixture (1) . After washing the leucocytes three times with M/15 phosphate buffer solution, pH 7.0, the leucocytes were suspended in 10 ml. of the cold buffered solution and their concentration was determined by means of a hemocytometer. The leucocytes were broken up by means of a 1000 kc. crystalab ultrasonic vibrator; 1000 V, 130 ma. and the extract was filtered through a Seitz S-1 filter. In some experiments the extract was dialyzed against distilled water for 24 hours before being filtered.
Mitochondrial Extracts.--The subcellular components of leucocytes were separated by the differential centrifugation method of Schneider et al. (2) as modified by Cole et al. (3) The suspended leucocytes were disrupted in the cold by means of a Potter glass homogenizer. The various subcellular fractions were separated by differential centrifugation at the following speeds: Fraction I (nuclei) 600 G/IO minutes, Fraction II (mitoehondria) 8500 G/IO minutes, Fraction III (microsomes) 20,000 G/90 minutes, and Fraction IV consisting of the remaining supernatant. All fractions including Fraction IV were exposed to ultrasonic vibration before being filtered through a Seitz filter.
Bacterial Cultures.--All bacterial species were grown as a broth culture for 24 hours at 37°C. The bacterial cells were collected at 3000 mp.~r, for 20 minutes and the packed cells resuspended in sterile saline to a given volume so that 0.1 ml. of the suspension when mixed with 2.5 ml. of saline would give 100 to 200 colonies per 0.1 ml. when plated.
Bactericidal Assay.--All leucocytic or mitochondrial extracts were prepared from approximately 4 X 10 s polymorphonuclear neutrophils. The extracts were diluted initially 15-fold with phosphate buffer solution, pH 7.5, and constituted the standard extract solution. Further 2-fold dilutions were made of the standard solution (up to 1:480) and 2 ml. of each dilution were dispensed into sterile serological test tubes. To each test tube were added 0.5 ml.
of a I0 -6 dilution of M. aureus suspension and 0.2 ml. of a 0.2 M CaCh solution. The mixtures were incubated at 37°C. and at 0, 30, and 60 minutes, 0.1 ml. aliquots of each tube were spread on a nutrient ag~r plate. The plates were incubated overnight at 37 ° C. The number of colonies were counted and expressed as the number of bacteria per 0.1 ml. Appropriate dilutions were made of the other bacterial species tested so as to give approximately 100 to 200 colonies when 0.1 ml. of the assay mixture was plated directly on an agar plate.
Nitrogen Determinations.--The Markham modification of the micro-Kjeldahl procedure (4) was used to determine the nitrogen content of both the leucocytic and mitochondrial extracts. The amount of nitrogen in these extracts was expressed as milligrams of nitrogen per milligram of leucocytes (dry weight).
RESULTS
Leucocytes obtained from 10 rots previously injected with the aleuronat mixture, were pooled and diluted with phosphate buffer solution to give a final concentration of 4 X 108 leucocytes per 15 ml. The extracts prepared from these cells were tested for bactericidal activity against M. aureus. The results of a typical experiment are seen in Table I . It can be noted that there was progressive killing of the organisms with increased incubation time. At the end of 60 minutes of incubation, a l:240-fold dilution of the extract killed 84 per cent of the bacteria. The influence of bacterial concentration on the bactericidal activity of the undiluted leucocytic extract was determined by adding varying concentrations of M. aureus to a constant amount of leucocytic extract. Tenfold dilutions of M. aureus were added to a constant amount of the leucocytic extract prepared from approximately 4 X 108 leucocytes. The results are tabulated in Table II . From this data the total number of bacteria killed was calculated to be 2.97 X l0 T per ml.
Intercellular Localization of Bactericidal A ctivity.--In order to determine whether the bactericidal activity of rat leucocytes is confined to any particular morphological subfraction of the cell, the leucocytes were homogenized and the nuclear, mitochondrial, and microsomal fractions were separated by means of differential centrifugation as described above. These fractions, including the soluble fraction, were individually assayed for their bactericidal activity. The results as seen in Table III clearly indicate that the bactericidal activity of leucocytes was confined to the mitochondrial fraction. After 30 minutes of incubation at 37°C., a 1:120-fold dilution of the mitochondrial extract gave 85 per cent killing. The highest dilutions of the nuclear and microsomal fractions which gave 80 to 100 per cent killing were respectively 1:15-and 1:30-fold dilution. No bactericidal activity was observed with the soluble fraction.
The slight bactericidal activity present in both the nuclear and microsomal fractions could be accounted for by mitochondrial contamination. A comparison between the relative bactericidal activity of the leucocytic extracts and the mitochondrial extracts was made. In this experiment, ap- the results are recorded in Fig. 1 . The mitochondrial extract exhibited a slightly greater activity than that noted with the leucocytic extract. The highest dilution that gave 80 per cent killing was 1:120 for the mitochondrial extract and 1:60 for the leucocytic extract. However, the bactericidal activity of the mitochondrial extract in terms of N content, was significantly greater than that of the whole leucocytic extract. The results of the N determinations were as follows: dry weight of approximately 4 X 1@ leucocytes was 18.9 rag.; the nitrogen content for the leucocytic extract was 3.1/zg. N per rag. of leucocytes, the nitrogen content for the mitochondrial extract was 0.65 ~ g. N per rag. of leucocytes. Thus the mitochondrial extract activity represents a 5-fold purification step over the leucocytic extract. The amount of nitrogen present in the assay mixture containing a 1:15 dilution of the mitochondrial extract was 18.6/~g. of nitrogen per 2.5 ml.
Anti-Bacterial Spectrum.-
The antibacterial spectrum of the mitochondrial extract was determined by adding varying dilutions of the extract to a constant number of bacteria of the different species tested. The various organisms tested and the agar media used in the assays were as follows:
Streptococci (beta)
Blood agar It can be noted (Fig. 2) that both the Gram-positive and Gram-negative bacteria were killed by the extract. However, the Gram-positive organisms were more susceptible to the bactericidal activity of the mitochondrial extract than were the Gram-negative bacteria. In the course of these experiments other species of bacteria were found to be susceptible to the killing action of the mitochondrial extract; i.e., an Enterococci strain, Sarcina lutea and an Alcaligenes strain.
Diplococcus pneumoniae

DISCUSSION
By use of an in vitro technique it has been shown that rat leucocytic extracts exhibit a bactericidal activity against many bacterial species. The responsible bactericidal substance was found primarily localized in the mitochondria of the leucocytes. The activity of the mitochondrial extracts was very potent when measured in terms of nitrogen content. An extract containing as little as 0.31 #g. N was capable of killing approximately 2 X 103 cells of M. aureus and even a greater concentration of E-Streptococci.
Microscopically, the bacteria were not lysed by the mitochondrial extracts. Yet they were killed as evidenced by lack of growth after extended incubation in enrichment media. However, as yet no evidence is available as to the mechanism of its action. One can postulate from these experiments that the "digestive" phase of phagocytosis in rat leucocytes involves at least two steps; a non-enzymatic killing of the engulfed organisms followed by "digestion" as the result of proteolytic attack on the dead bacteria.
Hirsch (5, 6) recently has reported the isolation of a bactericidal substance, phagocytin, present in rabbit but not in rat leucocytes. This substance was active against Gram-negative bacteria and showed little or no effect against Gram-positive organisms. Whether Phagocytin is or is not similar to the one reported here has not been fully established. The one difference that can be mentioned here is that the bactericidal substance isolated from rat leucocytes was active against both Gram-positive and Gram-negative organisms with the former group being more susceptible.
If one establishes the degree of invasiveness in rats of the bacteria tested in terms of a subcutaneous injection giving rise to a local abscess, generalized lesions and/or bacteriemia, it appears that the in vitro susceptibility of the organism to the leucocyte extract is inversely proportional to their invasive ability. For example, a subcutaneous injection of M. aureus results in a local suppurative lesion and this organism is highly susceptible to the leucocytic extract, whereas Salmonella enteritidis is highly invasive in the rat and is more resistant to the bactericidal activity of leucocytic extracts.
This generalization is of interest when one considers that the polymorphonuclear neutrophiles constitute the first line of defense following a subcutaneous injection.
SUMM-4~Y
An extract of polymorphonuclear leucocytes of the rat, prepared by means of ultrasonic vibration, was found to be bactericidal against M. aureus. The bactericidal activity was primarily confined to the mitochondrial fraction of the leucocytes.
The rat leucocyte mitochondrial extract was bactericidal against both Gram-positive (M. aureus, fl-Streptococci, Diplococcus pneumoniae, Corynebacterium diphtheria.e) and Gram-negative (Shigella dysenteriae, Salmonella enteritidis, Pasteurella pestis) bacteria. The Gram-positive organisms were more susceptible to the bactericidal activity of the mitochondrial extracts.
